We assessed the effects of beliefs about state HIV criminal law on condomless anal sex (CAS \ 3 months) among men who have sex with men (MSM) residing in 16 US states (n = 2013; M = 36 years old; 75 % White; 82 % HIV-negative) completing an online survey in 2010 and stratified by residency in a state with any or sex-specific HIV criminal law(s) or where a HIVrelated arrest, prosecution, or sentence enhancement (APSE) had occurred.
Introduction
Laws that impose penalties on persons with HIV for actual or possible transmission to sexual or other (e.g., drug-using) partner(s), often referred to as ''HIV-specific criminal laws'' (1; and referred to here as HIV criminal laws), are widespread in the United States (US) [1, 2] . To date, 33 states have such laws, most of which were passed before 2000 [1] , when little empirical evidence for ''treatment as prevention'' [3] was available. The primary goals of HIV criminal laws are to encourage HIV serostatus disclosure and deter high risk sexual behaviors among people living with HIV (PLWH) [1] , and the CDC recommends evaluation of how such laws may impact the disclosure, transmission and service utilization among PLWH [4] . However, HIV criminal laws may influence not only the sexual behavior of PLWH, but also persons at greatest risk for HIV acquisition. Men who have sex with men (MSM) continue to represent the group at greatest risk for HIV infection, constituting 64 % of adults and adolescents living with HIV in 2012 (the most recent year for which data are available) [5] . Despite calls for more research on the impact of HIV criminal laws on persons at high risk for HIV infection [6] , little is known of the potential impact of these laws on the sexual practices of MSM. Such information may be critical to assist policy makers to determine whether such laws ''…support public health approaches to preventing and treating HIV'' (p. 37), as recommended in the U.S. National HIV/AIDS Strategy [7] .
There is a small, but consistent, body of literature on the associations between HIV criminal laws and serostatus disclosure, sexual risk behavior, and psychological and social wellbeing of PLWH [6, 8, 9] . In a study by Galletly and colleagues, half (51 %) of 479 PLWH residing in New Jersey were aware of the existence of the HIV criminal law in that state [6] . However, there was no statistically significant difference in sexual activity with disclosure between PLWH who were aware (76 %) and unaware (73 %) of the law. Of note, awareness of the law was not associated with greater serostatus disclosure or having fewer sexual partners in the prior year. In a similar study of 384 PLWH in Michigan, knowledge of the law (76 % of participants) was not associated with greater serostatus disclosure to prospective sex partners or lower sexual risk behavior [8] . However, Michigan residents who were aware of the law disclosed to a greater proportion of their anal and vaginal sex partners before their first sexual encounter. Michigan's state law requires that employees who come into contact with persons testing for HIV or receiving HIV-related services (e.g., Ryan White case managers) discuss the state's HIV exposure laws with clients [8] , which may explain this finding. As a whole, these and other [10] studies fail to show that awareness of HIV criminal laws among PLWH is consistently associated with serostatus disclosure to sex partners or with reduced sexual risk behavior [11] .
Studies of the association between state HIV criminal laws and the risk behavior of PLWH are critical for understanding the impact of these laws on behavior; however, greater understanding is needed of how these laws may more broadly influence the risk behavior of MSM [6] , the group most at risk for HIV in the US [12] . In an earlier study, Horvath et al. [9] examined the association between HIV criminal laws and the sexual risk behavior of MSM of various sertostatus types in an online survey of 1725 MSM. Although most HIV-negative (70 %) MSM and MSM who have never been tested for HIV (69 %) favored such laws, significant differences were not found in the proportion of MSM of any serostatus reporting no, one, or two or more condomless anal sex partners between those residing in states with HIV criminal laws and those who were not.
There are at least three reasons why more research is needed on the impact of such laws. First, advances in HIV treatment-including empirical evidence for treatment as prevention [3] -have radically changed the risk-benefit analysis. Despite these advances, policy for HIV criminal laws has changed very little [1] . Second, although beliefs about HIV law may have a powerful influence on behavior, the study by Horvath et al. described above failed to account for participants' beliefs about such laws in their state. It may be that MSM who believe that their state has a HIV criminal law engage in differing levels of sexual risk behavior than men who believe there is no such law in their state or men who are unaware of the law in their state. Third, beliefs about state HIV laws are likely influenced by media coverage of HIV-related arrests, prosecutions, or sentence enhancement that occurred in the state. Awareness of such laws and the repercussions of risky sexual practices are likely more salient for MSM residing in states where such events have occurred.
To fill these gaps in understanding, the primary aim of this study was to assess the association between beliefs about state HIV criminal laws and recent condomless anal sex in a large and geographically diverse group of MSM. Because MSM's beliefs about HIV criminal laws may vary under different legal conditions within the state, we examined the influence of men's beliefs about such laws on sexual behavior under the following three conditions: (1) whether or not MSM resided in a state with or without any HIV criminal law (e.g., HIV laws that may be used to prosecute PLWH for sharing needles or engaging in condomless sex without disclosure); (2) whether MSM resided in a state with or without a sex-specific HIV criminal law (i.e., states whose laws are limited to possible or actual HIV exposure via sexual activity); and (3) whether HIV criminal laws have been used to arrest, prosecute, or provide a sentence enhancement for PLWH. In addition, we sought to examine whether incorrect knowledge of state HIV criminal law was associated with condomless anal sex compared to persons who correctly identified the law in their state.
Methods

Recruitment and Procedures
This study was part of a larger multi-year study to examine the association between alcohol consumption, Internet use, and gay, lesbian, bisexual, and transgender (GLBT)-related state law. Study procedures were similar to those described in a prior study using data from an earlier data wave [9] . Briefly, MSM primarily residing in 16 cities and their inclusive metropolitan statistical areas (MSAs; designated by zip code, and including Albany, NY; Albuquerque, NM; Baltimore, MD; Boston, MA; Cleveland, OH; Detroit, MI; Hartford, CT; Minneapolis-St. Paul, MN; Oklahoma City, OK; Omaha, NE; Portland, OR; Richmond, VA; Salt Lake City, UT; San Antonio, TX; San Diego, CA; and Tampa, FL) were recruited each year for 4 years to complete an online survey. Participants in this study were recruited during a 4-month period in the third wave of the study (2010) from online banner advertisements placed on a website popular among gay and bisexual men to meet sexual partners. Inclusion criteria were being male, having had sex with another man in one's lifetime, being at least 18 years of age, and residing in the US or one of its territories. Of the men who clicked on the banner ad (n = 4185), 72 % (n = 3028) met eligibility requirements and enrolled in the survey, and 85 % (n = 2583) of these men completed the survey. For the present study, men must also have reported having an anal sex partner in the past 3 months and completed the relevant items on the survey. The final sample consisted of 2013 MSM.
Participants who clicked on the study banner advertisement viewed the secure study website. After answering eligibility questions, eligible respondents were guided through the consent process in accordance with procedures approved by the University of Minnesota Institutional Review Board. Participants who started and did not finish the survey were sent reminder messages. Automated and manual de-duplication and validation protocols were applied to ensure that each case represented a unique respondent. Ineligible persons were taken to another webpage that thanked them for their interest.
Measures
Demographic and Sexual Risk Variables
Demographic factors are shown in Table 1 and included age (in years), ethnicity (Hispanic v. non-Hispanic) and race (check box for American Indian, Asian American, Black, Pacific Islander, White, or an open-ended text box for ''other'' race), and highest level of educational attainment (e.g., high school degree or GED). Participants selfreported sexual identity with the response options of gay, bisexual, heterosexual, or ''other'' sexual identity with a write-in option. In addition, participants were asked to indicate whether or not they were in a long-term relationship with a male partner, with response options that included: ''No'', ''Yes, we are married'', ''Yes, we are registered as domestic partners'', ''Yes, but we are not legally married or registered as domestic partners'', and ''I don't know''. HIV serostatus was assessed by asking participants if they had ever been diagnosed with HIV (either in the past 12 months or longer than 12 months ago) or not.
Condomless anal sex with male sex partners in the past 3 months was the primary outcome variable for this study. Sexual behavior was assessed by asking participants to report the number of male sex partners, male anal sex partners (either insertive or receptive), and male unprotected anal sex partners in the past 3 months. Men were coded as having condomless anal sex if they reported any male unprotected anal sex partners.
Beliefs About State HIV Laws
To assess participants' beliefs about the law in their state, men were asked to respond to the question, ''For the state in which you live, which of the following best describes the law on HIV status and unprotected sex?'' Response choices included: ''It is illegal for a person with HIV who knows his/her status to have unprotected sex without first disclosing his/her HIV-status,'' ''It is illegal for a person with HIV who knows his/her status to have unprotected sex regardless of whether HIV status is disclosed or not,'' ''It is legal for a person with HIV who knows his/her status to have unprotected sex,'' or ''I don't know.'' In addition, participants were allowed to write in a response of their choice (10 responses were coded as missing; 8 were recoded into one of the aforementioned categories). Participant responses were collapsed into the following three categories: [1] men who responded that it is illegal for an HIV-positive person to have unprotected sex without first disclosing or regardless of disclosure were combined to reflect their belief that a HIV criminal law existed in their state (the ''Believe State Law Exists'' group); [2] men who responded that they believed it was legal for someone with HIV to have unprotected sex were considered to believe that there is no HIV criminal law in their state that prohibits such activity (the ''Believe State Law Does Not Exist'' group); or [3] men who reported ''I don't know'' constituted the ''Don't Know'' group.
State HIV Laws and Prosecutions
Two databases from the Center for HIV Law and Policy (http://www.hivlawandpolicy.org/) were used to create three variables regarding state HIV laws and prosecutions. First, a 2012 database of HIV criminal statutes compiled by the Center for HIV Law and Policy [13] was used to classify states as having or not having any HIV criminal law(s), including those addressing sex, spitting, biting, blood exposure, needle sharing, organ/blood/semen donation, prostitution or provided a sentence enhancement for cases involving HIV. Second, the same database [13] was used to classify states as either having or not having a sexspecific HIV criminal law, as sexual contact is the primary mode of HIV transmission among MSM [5] . Although there was substantial overlap between states having any and sex-specific HIV criminal law, there were eight states that had a HIV criminal law that did not explicitly include sexual transmission according to this database. Third, a 2010 database compiled by the Center for HIV Law and Policy [14] was used to identify states in which one or more prosecution, arrest, or sentence enhancement for a defendant with HIV had actually occurred (please note limitation in the Discussion section below). These databases were chosen since they were created nearest to the time to when this survey of MSM was conducted.
Analyses
Statistical analyses were performed using Stata (version 11.1) [15] . Demographic, psychosocial, and sexual risk behavior group differences were examined with Chi square test statistics. A series of six logistic regressions were used to estimate the effect of belief about state HIV criminal law (3 levels: Believe State Law Exists, Believe State Law Does Not Exist, or Don't Know) on condomless anal sex in the past 3 months. Analyses were stratified by whether participants resided in states with or without: (a) a HIV criminal law of any kind; (b) a sex-specific HIV criminal law; and (c) one or more documented prosecution, arrest, or sentence enhancement involving a defendant who was HIV positive. It should be noted that some states have general, non-HIV-specific criminal laws that have or could be used to prosecute PLWH, which were not considered for this analysis [13] . Additionally, to evaluate if living in a state with arrests/prosecutions/sentence enhancements was a confounder between a participants' belief about the HIV criminal law in their state and their risk of unprotected sex, models stratified by any HIV criminal law and sex-specific HIV criminal law were adjusted for arrests/prosecutions/ sentence enhancements and compared to models without the adjustment. Results were unaffected by adjustment for arrests/prosecutions/sentence enhancements and, therefore, are not included in the final models. Adjusted probabilities and 95 % confidence intervals (i.e., the probability standardized to the covariate distributions) of condomless anal sex were computed from the logistic regression for each level of participants' belief in the existence of HIV criminal law in their state (i.e., a law exists, a law does not exist, or don't know). To calculate the final adjusted probability, predicted probabilities from the logistic regression model were calculated for each level of the independent variables and combined using a weighted average of the distribution of the covariates in the study sample [16] . Additionally, to compare the absolute difference in the risk of condomless anal sex between groups, risk differences (RD) were estimated between the adjusted probabilities from the levels of participants' report of the law in their state with 95 % confidence intervals using a Taylor series approximation.
To compare participants' correct or incorrect knowledge of the HIV disclosure law in their state, study participants were categorized into four groups based on their stated belief of the existence or non-existence of a HIV criminal law in their state and the actual presence or absence of any HIV criminal law or a sex-specific criminal law, separately. Excluding individuals who reported that they did not know what the legal conditions were in their state, the four groups were as follows: (1) (4) a participant correctly believed their state had a HIV criminal law in a state with an existing law. Two logistic regressions were used to model condomless anal sex in the past 3 months (yes/no) predicted by the four groups of correct or incorrect knowledge of the legal conditions in their state for any or a sex-specific HIV criminal law, separately. Adjusted predicted probabilities of condomless anal sex and 95 % confidence intervals were similarly calculated and compared between groups. All models in the analyses were controlled for age (continuous), race/ethnicity (White/ Hispanic/Other), education (High School or less/Some College/College Degree/Graduate Degree), sexual identity (Gay/Other), long-term relationship status (Yes/No), HIV serostatus (Positive/Negative/Unknown), and residential clustering. Statistical significance was set a priori at p \ 0.05.
Results
Participant Demographics
Demographics are shown in Table 1 . Sixty-one percent of participants were between the ages of 21 and 40, with an average age of 35.6 years (SD = 11.7). Three-quarters of participants self-identified as White, and 87 % as gay. Over one-half of men held a college degree (55 % with a bachelor or graduate degree) and most (68 %) were not in a long-term relationship. Four-fifths (82 %) of participants indicated that they had never been diagnosed with HIV in their lifetime, and just over two-thirds (68 %) of men reported condomless anal sex in the past 3 months. Table 2 shows the bivariate associations between participants' beliefs about HIV criminal law in their state and condomless anal sex in the past 3 months. Three-quarters of all participants reported that they did not know whether they resided in a state with or without a HIV criminal law, while 17 and 8 % believed there was and was not a HIV criminal law in their state, respectively. Significantly more men who believed their state had a HIV criminal law (75 %) reported having condomless anal sex in the past 3 months than men who were unsure of the HIV criminal law in their state [66 %; v 2 (2, N = 1972) = 9.75, p = 0.008]. No significant differences in condomless anal sex were found in the bivariate analyses between men who lived in a state with or without any HIV criminal law, a sex-specific HIV criminal law, or actual arrests/prosecutions/sentence enhancements. Overall, between 67 and 70 % of men reported having condomless anal sex in the past 3 months regardless of whether or not they lived in a state with or without any of these three outcomes. Table 3 shows the adjusted probabilities of reporting condomless anal sex in the past 3 months by groups of participants' beliefs about HIV criminal law in their state, stratified by any HIV criminal law in their state, sexspecific HIV criminal law in their state, and arrests, prosecutions, or sentence enhancements. For men who lived in states that did not have any HIV criminal law (RD = 0.11; 95 %CI = 0.05,0.17; p \ 0.001) or a sex-specific HIV criminal law (RD = 0.08; 95 %CI = 0.03, 0.14; p = 0.005), men who believed that such laws existed in their state had higher probabilities of condomless anal sex compared to men who reported that they did not know the law in their state. Among men who lived in a state in which an actual arrest, prosecution, or sentence enhancement had occurred, those who believed there was a HIV criminal law in their state showed a higher probability of condomless anal sex compared to men who reported that they did not know the law regarding HIV in their state (RD = 0.07; 95 %CI = 0.02, 0.12; p = 0.005). In none of the models did we detect a statistically significant difference in the percentage of men reporting condomless anal sex between MSM who believed and MSM who did not believe there was a HIV criminal law in their state. Table 4 shows the adjusted probabilities of any condomless anal sex in the past 3 months and comparisons between the four groups of incorrect and correct knowledge of the existence or non-existence of any or a sex-specific HIV criminal state law. No statistical differences were found in the probability of condomless anal sex among men who correctly identified the law in their state compared to those who incorrectly identified the law in their state in the model for any HIV criminal law (range of probabilities: 0.68-0.76). Similarly, in the model comparing groups who correctly or incorrectly identified a sex-specific HIV criminal law, the probability of condomless anal sex was Missing information on state residency for 13 participants a There were no statistically significant differences in probabilities of condomless anal sex between groups of men that correctly identified HCL compared to those that were incorrect, p \ 0.05 b There were no statistically significant differences in probabilities of condomless anal sex between groups of men that correctly identified SHCL compared to those that were incorrect, p \ 0.05 not statistically different for men who correctly identified the law in their state compared to those who incorrectly identified the law in their state (range of probabilities: 0.68-0.75).
Bivariate Analyses
Interactions Between Beliefs About HIV Criminal Law Beliefs and State HIV Law or Arrests/ Prosecutions/Sentence Enhancements on Condomless Anal Sex
Comparisons of Correct or Incorrect Knowledge of State HIV Criminal Law on Condomless Anal Sex
Discussion
The purpose of this paper was to examine the association between belief about HIV criminal laws and sexual risk behavior among a large and geographically-diverse sample of MSM in the US. Four findings are noteworthy in this study. First, a high proportion of MSM in this study reported recent condomless anal sex (67-70 %), with little variation by living in a state with or without any HIV criminal law, a sex-specific HIV criminal law, or actual arrests/prosecutions/sentence enhancements. High levels of HIV risk behavior among MSM has been reported in numerous recent studies [17, 18] , and which is also reflected among men in the current study. Second, the majority of MSM in this sample (75 %) reported that they were unsure if they lived in a state with a HIV criminal law. Third, believing that there was any or a sex-specific HIV criminal law-regardless of whether a law existedwas associated with higher risk behavior. Fourth, condomless anal sex was not different among men who correctly or incorrectly identified the existence of their state HIV criminal law in states that have any HIV criminal law or in states that have a sex-specific HIV criminal law. These findings are elaborated upon below.
The public health benefit of state HIV criminal laws is realized only when: (1) persons infected with or affected by HIV are aware of such laws; (2) HIV criminal statutes are acceptable to these groups; and (3) laws serve to prevent further HIV infections [19, 20] . Although prior research demonstrates support for HIV criminal laws among many HIV-negative or unknown status MSM when asked [9] , the results of the current study suggest that such laws fail on the remaining two conditions. Of note, there was poor awareness of state HIV criminal laws among MSM in this sample, with three-quarters of men reporting that they were unsure of the law in their state. These results are notably different than those of studies with samples exclusively consisting of PLWH, in which HIV criminal law awareness ranged from 51 to 75 % [6, 8] . Thus, many MSM may learn about their state's HIV criminal law(s) only after being diagnosed with HIV.
The second way that HIV criminal laws appear to not serve a public health benefit is that MSM's belief that any or a sex-specific HIV criminal law existed in their state was not associated with lower condomless anal sex, the behavior most likely to transmit HIV. In fact, the results of this study showed that men's belief in the existence a HIV criminal law in their state was associated with increased condomless anal sex compared to those who were unsure of the law in their state. Moreover, correct knowledge of state HIV criminal law was not associated with lower risk behavior in any of the models. These counter-intuitive findings are reinforced by the finding that men who lived in a state that has a history of arrests, prosecutions, or sentence enhancements and who believed that they lived in a state with a HIV criminal law were also at higher risk for condomless anal sex than men who were unsure of the law in their state. It may be that HIV-negative and serostatus unknown MSM who are sexually active have a low perceived risk of acquiring HIV, as demonstrated in a recent study [21] , and therefore generally support HIV criminal laws [9] and continue to engage in condomless anal sex. That is to say, men who believe that there is any or a sexspecific HIV law in their state may believe that such laws are effective in discouraging HIV-infected persons from engaging in condomless anal sex. As a result, these men may engage in higher risk behavior because they perceive that they are at low risk for HIV infection, protected in part by state law. Perceived susceptibility is a component of some health behavior models [22] , most notably the Health Belief Model [23] , and may be an important cognitive factor in men's decisions to engage in condomless anal sex despite their elevated risk for HIV infection. Although additional research is needed to confirm and extend these findings using different samples of MSM, these findings overall suggest that belief that one resides in a state with a HIV criminal law may be associated with elevated risk among MSM. This and other studies provide further evidence that such laws do not have a public health benefit and may, in fact, be hindering progress toward reducing new HIV infections [24] .
Overall, laws which promote public health through the curtailment of freedom can be justified only if they effectively achieve the desired goal. If the evidence from studies of PLWH suggest that HIV criminal laws have minimal effect on disclosure [6, 10, 11] , the evidence from this study shows that they may have a counter-productive effects on a sample of primarily HIV-negative or serostatus unknown MSM; thus, the benefit of such laws is called into doubt.
This study has a number of limitations that are important to consider when interpreting the results, including the cross-sectional design that precludes the ability to make any causal inferences. The findings should not be generalized to non-Internet-using MSM or MSM in general. Moreover, we assessed awareness of state HIV criminal laws and sexual risk behavior with self-reported measures, which may be imprecise. In particular, we note that the item used to assess belief about state law does not capture the complexity and nuance of actual state laws. To do so would have required a much longer questionnaire, which was not possible for this study. In addition, there is not a comprehensive list of cases in states where HIV criminal laws have been used to arrest, prosecute, or provide a sentence enhancement; the data source we used for the purpose of this study [14] notes that the list is not exhaustive, but rather illustrative. Thus, the results from that analysis should be viewed with caution. However, this study makes an important contribution to advancing our understanding of the association between MSM's beliefs about HIV criminal law in their state and their sexual risk behavior in the context of actual state law and arrests/ prosecutions/sentence enhancements.
As noted in a number of recent commentaries [11, 24] , advocacy groups and public health researchers appear to agree that current state HIV criminal laws offer little public health benefit. Our results add evidence to such arguments. Convincing those who make and enforce policy to revisit and amend our current approaches to these laws has proven difficult. Perhaps a more concerted effort is needed to inform policy makers and the public about the cost and inequities in enforcing such laws [24] , the ineffectiveness of such laws to deter behaviors that place people at risk for HIV, and the potential health costs of retaining these laws.
